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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide polyamide 
porous spherical particles having a specified particle 
diameter and a specified pore diameter and also a 
narrow particle diameter distribution, a large specific 
surface area and a high degree of crystallization and to 
provide a preparing process therefore. 
SOLUTION: The polyamide porous spherical particles 
have a number-average particle diameter of 1-30 /urn 
and a BET specific surface area of 100-80,000 m2/kg, 
and the spherical particles are obtained in such that the 
mixing of (A) a solution of the polyamide and a solvent, 
(B) a non-solvent for the polyamide and (C) water 
results in the formation of a temporary homogeneous 
solution which is made to deposit a polymer. 
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for this on mechanical dispersion force, the particle might condense it and it might become a big 

and rough particle. 

[0008] 

[Problem(s) to be Solved by the Invention] The object of this invention aims at being the particle 
size of the specific range, and the porosity particle this whose particle it has particle size 
distribution, a pole diameter, and specific surface area comparatively, and is high crystallinity 
about the polyamide porosity spherical particle of uniform particle diameter. 
[0009] 

[Means for Solving the Problem] this invention — the number average particle diameter of 1-30 
micrometers, and 1 00-80000m2/kg of BET specific surface areas — it comes out and is a 
certain polyamide porosity spherical particle. 

[0010] As for the porosity spherical particle of this invention, it is desirable that an average pole 
diameter is 0.01-0.2 micrometers. 

[0011] As for the porosity spherical particle of this invention, it is desirable that porosity 
characteristics (RI) are 5-100. 

[0012] The porosity spherical particle of this invention is crystallinity, and it is desirable that the 
degree of crystallinity measured by DSC is higher than 40%. 

[0013] As for the porosity spherical particle of this invention, it is desirable that the ratios (PDI) 
of volume mean particle diameter to number average particle diameter are 1-1.5. 
[0014] Moreover, after this invention forms a uniform solution temporarily by mixing the non- 
solvent (B) of a polyamide, and water (C) with the solution (A) which consists of a polyamide and 
its good solvent, it deposits a polymer and relates to the manufacture approach of the polyamide 
porosity particle characterized by obtaining a spherical particle. 

[0015] Moreover, this invention relates to the manufacture approach of the polyamide porosity 
spherical particle characterized by the solvent of the solution (A) of a polyamide being aromatic 
alcohol. 

[0016] This invention relates to the manufacture approach of the polyamide porosity spherical 
particle characterized by the solvent of the solution (A) of a polyamide being a formic acid. 
[0017] It is related with the manufacture approach of a polyamide porosity particle that the 
aromatic alcohol system solution (A) of a polyamide is characterized by consisting of 0.1 - 30 % 
of the weight of polyamides, and 99.9 - 70 % of the weight of aromatic alcohol system solvents, 
as for this invention. 

[0018] This invention relates to the manufacture approach of a polyamide porosity particle that 
the sum total weight rate of the non-solvent (B) and water (C) of a polyamide is characterized 
by being larger than the weight rate of the aromatic alcohol system solution (A) of a polyamide. 
[0019] This invention relates to the manufacture approach of the polyamide porosity particle 
characterized by the rate of water (C) being 2 - 90 % of the weight to the sum total of the non- 
solvent (B) and water (C) of a polyamide. 

[0020] This invention relates to the manufacture approach of the polyamide porosity particle 
characterized by the non-solvent (B) of a polyamide being fatty alcohol of 100 degrees C or less 
of boiling points. 

[0021] This invention relates to the manufacture approach of the polyamide porosity particle 
characterized by the temperature of a polyamide solution being temperature lower than 10 
degrees C. 
[0022] 

[Embodiment of the Invention] This invention has specific particle diameter and a specific pole 
diameter, has narrow particle size distribution, and relates to the large, high polyamide porosity 
spherical particle and its large manufacture approach of degree of crystallinity of specific surface 
area. 

[0023] Well-known various things can be mentioned as a polyamide used for this invention. For 
example, it is obtained by the ring opening polymerization of cyclic amide, or the 
polycondensation of dicarboxylic acid and diamine. The crystalline polyamide obtained as a 
monomer by carrying out ring opening polymerization of the cyclic amide, such as epsilon 
caprolactam and omega-RAURO lactam, The polycondensation of amino acid, such as epsilon- 
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aminocaproic acid, omega-amino dodecanoic acid, and omega-amino undecanoic acid, Or oxalic 
acid, an adipic acid, a sebacic acid, a terephthalic acid, isophthalic acid, Dicarboxylic acid and a 
derivative, and ethylenediamine, such as 1 and 4-cyclohexyl dicarboxylic acid, The 
polycondensation of the diamines, such as a hexamethylenediamine, 1, 4-cyclohexyl diamine, nrr 
xylylene diamine, pentamethylene diamine, and deca methylene diamine, is carried out, and it is 



[0024] The crystalline polyamide of this invention is the crystalline polyamide which consists of 
homopolymers and these copolymers, or its derivative. Specifically, they are a polyamide 6, a 
polyamide 66, a polyamide 11, a polyamide 12, a polyamide 610, Polyamides 66/6T (T expresses 
a terephthalic-acid component), etc. Moreover, you may be the mixture of the above-mentioned 
polyamide. It is especially desirable, A polyamide 6 and a polyamide 66 are desirable. 
[0025] The molecular weight of the polyamide of this invention is 2,000-100,000. It is 5,000- 
40,000 preferably. 

[0026] The polyamide porosity particle of this invention is a spherical particle. At least 90 % of 
the weight in a porosity particle is a spherical particle preferably. It is an at least 98-% of the 
weight spherical particle still more preferably. When there are few spherical particles than 90 % of 
the weight, it is not sometimes desirable — the fluidity as a fine-particles ingredient is inferior. 
[0027] The polyamide porosity spherical particle of this invention is a polyamide porosity 
spherical particle which are the number particle diameter of 1-30 micrometers, and 100- 
80000m2/kg of BET specific surface areas. Number average particle diameter is 1-25 
micrometers preferably. If number average particle diameter is smaller than 1 micrometer, 
handling actuation will worsen. Moreover, if number average particle diameter is larger than 30 
micrometers, for using for catalyst support etc., it is unsuitable. 

[0028] The BET specific surface area of the polyamide porosity spherical particle of this 
invention is 1 00-80000m2/kg. It is 3000-40000m2/kg preferably [ it is desirable and ] to 1000- 
60000m2/kg and a pan. If specific surface area is smaller than 100m2/kg, since support capacity, 
such as a catalyst, will decline, it is not desirable. Moreover, it is it hard to deal with it that 
specific surface area is 80000m2/kg. 

[0029] As for the average pole diameter of the porosity spherical particle of this invention, it is 
desirable that it is 0.01-0.2 micrometers. It is 0.02-0.1 micrometers still more preferably. If an 
average pole diameter is smaller than 0.01 micrometers, it will be hard coming to support a 
catalyst. If an average pole diameter is larger than 0.2 micrometers, since the support force of a 
catalyst becomes low, as support of a catalyst, the average pole diameter of the above- 
mentioned range is desirable. 

[0030] As for the porosity characteristic (RI) of the polyamide porosity spherical particle of this 
invention, 5-100 are desirable. Porosity characteristics are 5-70 still more preferably. It is 
defined as what was displayed by the ratio of the specific surface area of a porous spherical 
particle here to the specific surface area of a spherical particle with the same smooth diameter 
as a porosity characteristic (RI). It can express with a degree type. If a porosity characteristic is 
smaller than 5, porous extent is too low and there is [ become empty and ] no effectiveness as 
support, such as a catalyst. If porosity is larger than 100, since a configuration will become 
unstable, to catalyst support, the above-mentioned range is desirable. 
[0031] 
[Equation 1] 



here, it is the specific surface area [m2/kg] of a spherical particle with smooth specific-surface- 
area[m2/kg] SO; same particle diameter. [ of RI; porosity characteristic and S; porosity particle ] 
SO can be calculated according to a degree type. That is, if consistency [ of the observed 
diameter dobs of a number average spherical particle [m], and a polyamide ] rho [kg/m3], the 
specific surface area SO of a smooth ball can be expressed with a degree type. 
[Equation 2] 



obtained. 



RI = S/S 
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Here, the consistency of a polyamide 6 and a polyamide 66 was made into 1 230kg of crystal 
phases/, m3, and amorphism phase 1 100 kg/m3. 

[0032] Moreover, this invention relates to the polyamide porosity spherical particle whose 
polyamide is crystallinity. The porosity polyamide of this invention is crystallinity and the melting 
point is 110-320 degrees C. Preferably, it is 140-280 degrees C. Thermal stability will become 
low if the melting point becomes lower than 110 degrees C. Moreover, if the melting point 
becomes higher than 320 degrees C, since support capacity will decline, it is not desirable. 
[0033] Furthermore, the polyamide porosity spherical particle of this invention whose degree of 
crystallinity measured by DSC is 40% or more is desirable. Although the degree of crystallinity of 
a polyamide has the approach of searching for from X-ray analysis, the approach of searching for 
with a DSC measuring method, and the approach of searching for from a consistency, the 
approach of searching for with a DSC measuring method is suitable **. It is desirable that degree 
of crystallinity is 40% or more. Especially a thing especially with degree of crystallinity higher 
than 50% is desirable. The degree of crystallinity of the polyamide usually crystallized from melt 
is high, and is about at most 30%. As for the polyamide of this invention, it is desirable that 
degree of crystallinity is higher than 40%. It is desirable that it is higher than 45% of degree of 
crystallinity especially preferably. If degree of crystallinity is lower than 40%, since a porosity 
particle becomes instability geometrically thermally, it is not desirable. 

[0034] Degree of crystallinity of a polyamide RVieweg et al„ kunststoffelV polyamide, 218 pages, 
Carl Hanger The heat of fusion of a polyamide 6 and a polyamide 66 was computed as 45 cal/g 
by Verlag and the publication in 1 966, respectively. Degree of crystallinity is computed from the 
following formula. 
[Equation 3] 

X = AH obs /AH ra xl00 

chi ; degree of crystallinity (%) 

deltaHobs; the heat of fusion of a sample (cal/g) 

deltaHm; the heat of fusion of a polyamide (cal/g) 

[0035] The polyamide porosity particle of this invention is related with the polyamide porosity 
spherical particle whose ratios of volume mean particle diameter to number average particle 
diameter are 1-1.5. In the particle size distribution of the porosity polyamide of this invention, 
the ratios of volume mean particle diameter (or volume criteria mean particle diameter) to 
number average particle diameter (or several set semi- mean particle diameter) are 1-1.5. The 
ratios of number average particle diameter and volume mean particle diameter are 1-1.3 
preferably. If the ratio (particle-size-distribution characteristic PDI) of volume mean particle 
diameter to number average particle diameter is larger than 1.5, particle size distribution will 
become large and the particle of uniform particle diameter will not be obtained. Uniform particle 
diameter is physical discovered [ of the expected more than ], and desirable, when applying to a 
functional particle. 

[0036] A particle~size-distribution characteristic is expressed with a degree type. 
Number average particle diameter : [Equation 4] 

Dn = £Xi/n 

i=i 

Volume mean particle diameter: [Equation 5] 

dv = jr xi 4 / jr xi 3 

i=l i=l 



Particle-size-distribution characteristic: [Equation 6] 

PDI = Dv/Dn 
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Here the particle diameter of Xi; each and n are measurement sizes. 

[0037] After the manufacture approach of this invention mixes a specific non-solvent to a 

polyamide and makes a uniform solution form in the solution of a polyamide, it is the approach ot 

SfAfter this invention adds the fatty alcohol and water (C) which are the non-solvent (B) of 
a polyamide in the solution (A) which consists of the good solvent with a polyam.de and makes a 
uniform solution form in it temporarily, after that, time amount is set, and it deposits it and 
relates to the manufacture approach of obtaining the porosity polyamide spherical particle ot a 

uniform particle size. . ... 

[0039] As a solvent in this invention, an aromatic alcohol system solution or formic acid is 
desirable Specifically as a solvent of (A), formic acid, such as 0-cresol. m-cresol, p-cresol, and 
chlorophenol, is desirable. Since it dissolves selectively at least with water (C), these are 

[0040] b As for the polyamide solution (A) of this invention, it is desirable that a polyamide is [ the 
solvent of 0.2 - 25 % of the weight and a polyamide ] 99.8 - 75% of the weight of the range 
preferably 99.9 to 70% of the weight 0.1 to 30% of the weight. If the rate of a polyamide exceeds 
30 % of the weight in a polyamide solution, that it is hard to dissolve, it may become or may not 
become a uniform solution. Moreover, since the viscosity of a solution becomes high and it is 
hard coming to treat even if it dissolves, it is not desirable. If the rate of a polyam.de becomes 
lower than 0.1 % of the weight, polymer concentration is low, and since the productivity ot a 
product becomes low, it is not desirable. .... , / n \ 

[0041] The non-solvent (B) of the polyamide of this invention has that des.rable water 
carries out [ that ] compatible to the solution (A) of a polyamide selectively at least Moreover, it 
is important for water to carry out compatible. For example, fatty alcohol of 100 degrees C or 
less of boiling points, a ketone, etc. are desirable. Specifically, a methanol, ethanol, propanol, 
acetones, or those mixture are desirable. 

[0042] In this invention, it is desirable that there are more sum total weight rates of the non 
solvent (B) and water (C) of a polyamide than the weight rate of a polyam.de solution (A). If 
there are few sum total weight rates of the non-solvent (B) and water (C) of a polyam.de than 
the weight rate of a polyamide solution (A), since a polymer may not deposit enough, it is not 
desirable. Moreover, when many [ extremely / too ]. the amount of solvents of a finishing 
process increases too much and is not economical. 

[0043] The rate of water (C) to the sum total of the non-solvent (B) and water (C) of the 
polyamide of this invention is 5 - 85 % of the weight preferably two to 90% of the weight. It does 
not become a particle when there are few rates of water than 2 % of the weight. When larger 
than 90 % of the weight, since a water layer carries out phase separation, it is not desirable. 
[0044] If as for the addition sequence of the solution in this invention, the homogeneity of a 
solution is maintained, there will be especially no limit, but after mixing water (C) with a 
polyamide non-solvent (B). it is desirable to add a polyamide solution (A). Moreover. (B may be 
added to (A) and then (C) may be added to it. Or (B) may be added after m.x.ng (C) to W. 
[0045] In this invention, it is important that three persons of the solution (A), the non-solvent 
(B) and water (C) of a polyamide observe with the naked eye. and become a homogeneity 
compatible system, and each rate of (A). (B). and (C) needs to choose the solvent presentation 
used as a homogeneity solution. A uniform solution is made to form by this and the porosity 
particle of uniform particle diameter is deposited through time progress using phase separation. 
[0046] The time amount which forms a uniform solution is the time amount for 0.1 seconds 
about 240 minutes. For [ 1 second - ] 120 minutes is preferably suitable. It is important to form 
a uniform solution also temporarily. It is more desirable to add suitable churning, if required. 
[0047] In this invention, the churning approach until it becomes homogeneity in a solution until it 
becomes a uniform solution has the good approach a mixed solution becomes homogeneity 
promptly It is unexpected and the magnitude of the porous spherical particle obtained depending 
on the approach of churning is seen change. For example, in the case of a rotating type agitator 
like a magnetic stirrer, the porosity spherical particle whose particle size is 5-15 micrometers 
generates. 
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[0048] Moreover, in this invention, by the time it forms a uniform solution, when conversion of a 
location is comparatively good churning, a still bigger particle size generates. For example, in 
oscillating-type churning, such as V blender, a manual oscillation, and vibrator, a 15-25- 
micrometer porosity particle generates. Although it does not understand well about the device, 
even if a crystalline nucleus generates temporarily to a container wall, it remelts, and since a 
nucleus does not occur till the place where a solvent becomes homogeneity, a nucleus 
decreases, consequently it is thought that it grows up to be a large drop child. 
[0049] The particle size distribution also with that uniform from which this churning approach 
differs is uniform, and PDI is 1-1.5. After it saw by the difference in the churning approach of a 
period until a solution becomes homogeneity with the naked eye depending on the magnitude of 
a porosity spherical particle and the deposit started, it is not dependent on the approach of 
churning. 

[0050] In this invention, if a uniform solution is formed, when there is no need for churning and a 
polyamide particle begins to deposit, putting will be desirable henceforth. Although you may 
agitate, it is thought that there is no effect in the configuration of a polyamide particle and 
magnitude. 

[0051] The temperature which deposits a polymer particle from the aforementioned uniform 
) solution has desirable 5-60 degrees C. The presentation range where a solution becomes 
homogeneity depending on temperature may become large. When temperature is lower than 50 
degrees C, a case has the range of a solvent presentation where the field which becomes 
homogeneity becomes narrow. If temperature is higher than 60 degrees C, the vapor pressure of 
a solvent becomes high and is not desirable. 

[0052] In this invention, it is desirable that the mixture of a polyamide solution is especially 5-10 
degrees C. At this temperature, the porosity globular form particle whose particle diameter is 2- 
10 micrometers is made. A nucleation becomes early for low temperature, as a result, the 
number of this phenomenon of nuclear increases, and it is thought that it becomes a small 
particle. 

[0053] The polyamide particle which deposited can be isolated from a solution by the usual 
approaches, such as centrifugal separation, filtration, and a decantation. For example, the 
solution which ****(ed) may be diluted with a methanol and may be hung on centrifugal 
separation. A methanol may wash several times and you may hang on centrifugal separation. 
Next, hot air drying and a vacuum drying may be presented. 

[0054] Thus, the manufactured polymer particle turns into a porosity spherical polyamide particle 
of a uniform particle size. 1-30 micrometers of particle diameter of a polyamide particle are 1-25 
) micrometers preferably, and 0.1-0.4g /of bulk density is [ cm ] 3. moreover, a BET specific 
surface area — 1 000-80000m2/kg — desirable — 1 000-60000m2/kg — it is 3000-40000m2/kg 
still more preferably. If particle diameter is too smaller than 1 micrometer, it will be hard coming 
to deal with it as fine particles. When too larger than 30 micrometers, the effectiveness as 
catalyst support or toner support is inferior. 

[0055] Thus, the manufactured polymer particle turns into a porosity polyamide particle of a 
uniform particle size, bulk density — 0.1 - 0.4 g/cm3 — it is 0.2 - 0.3 g/cm3 preferably. 
Moreover, particle size distribution (PDI) is 1.0-1.5, and a porosity characteristic (RI) is the 
porosity of 5-70. 

[0056] Thus, the degree of crystallinity of a polyamide of the manufactured polymer particle is 
40% or more from DSC measurement again, and an average pole diameter is 0.01-0.2 
micrometers. 

[0057] The porosity spherical particle of this invention can be supplied as a functional particle 
for catalyst support, powder coatings, the object for the other electronics of the toner of 
electrophotography, medical application, and the food-stuff-industry fields. 
[0058] 

[Example] Hereafter, although an example explains this invention concretely, this invention is not 
limited to these examples. Moreover, measurement of particle diameter, specific surface area, an 
average pole diameter, degree of crystallinity, etc. was performed as follows. 
[0059] (Mean particle diameter, particle-size-distribution characteristic) It observed with the 

! ) 
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scanning electron microscope and particle shape and magnitude were observed. The globular 
form particle read particle size. The dumbbell-like particle read the considerable diameter of 
circle in the projected area of a particle. All computed the number average particle diameter of 
100 pieces, volume mean particle diameter, and a particle-size-distribution characteristic (PDI) 
using the above-mentioned formula. 

[0060] (Pore volume distribution) It measured by the mercury porosimeter. Measuring range was 
measured by 0.0034-400 micrometers. It asked for the average pole diameter. 
[0061] (Specific surface area and porosity characteristic) Specific surface area of a polyamide 
particle was performed by three-point measurement with the BET adsorption method by 
nitrogen adsorption. From this value, the porosity characteristic was calculated according to the 
formula described above. 

[0062] (Degree of crystallinity) The degree of crystallinity of a polyamide was measured by DSC 
(differential scanning calorimeter). It went by the approach described above. 
[0063] Example 1 polyamide 6 (molecular weight 13,000) was used as 10.5 % of the weight of 1.0 
% of the weight [ of concentration ] m-cresol solutions, and 10.5 % of the weight of water was 
mixed with 78.9 % of the weight of methanols, and it added, agitating with a magnetic stirrer in a 
polyamide solution. The solution became homogeneity after 1 -minute stirring. Temperature was 
performed at the room temperature. A stop and 30 minutes after putting, the polymer has 
deposited churning. It put for further 24 hours and deposit termination was carried out. The 
polymer was isolated by centrifugal separation after that. 

[0064] When the obtained particle was observed with the scanning electron microscope, it was a 
comparatively uniform globular form particle with a number average particle diameter [ of 9.21 
micrometers ], and a volume mean particle diameter of 9.76 micrometers. PDI was 1 .06. It was 
specific-surface-area of 9800m 2/kg, and the porosity characteristic RI was 1 7.2. The bulk 
density of a polymer particle was 3 and 0.22g/cm of degree of crystallinity was 58%. A result is 
collectively shown in a table 2. 

[0065] The 1 .0 % of the weight [ of polyamides ] m-cresol solution of example 2 example 1 was 
made into 15.0 % of the weight, and 75.0 % of the weight of methanols and 10.0 % of the weight of 
water were made to be the same as that of an example 1 except having mixed with the stirrer. 
The solution became homogeneity after 1 -minute stirring. It put and the polymer has deposited 
after 40 minutes. It put for 24 hours and deposit termination was carried out. The polymer was 
isolated by centrifugal separation after that. A result is shown in a table 2. 
[0066] It considered as 14.3 % of the weight of m-cresol solutions of the 5.0 % of the weight of 
the same polyamide concentration as example 3 example 1, and 71.4 % of the weight of 
methanols and 14.3 % of the weight of water were made to be the same as that of an example 1 
except having carried out churning mixing with the magnetic stirrer. The solution became 
homogeneity after 1 -minute stirring. The polymer has deposited after [ of the bottom of 
churning ] 2 minutes. It put for 24 hours and deposit termination was carried out. The polymer 
was isolated by centrifugal separation after that A result is shown in a table 2. An electron 
microscope photograph is shown in drawing 1 . 

[0067] Particle size distribution is shown in dravying 3 -4. Particle size distribution was close to 
mono dispersion (PDI 1 .06). The bulk density of a polymer particle was 3 and specific-surface- 
area [ of 9800m ] of 0.22g/cm 2/kg, and was a porosity particle. The porosity characteristic (RI) 
was 16.0. The average pole diameter was 0.04 micrometers. Degree of crystallinity was 56% of 
high degree of crystallinity. 

[0068] It considered as the same m-cresol solution with a temperature [ of 2.0 % of the weight of 
polyamide concentration ] of 50 degrees C as example 4 example 1, and 14.3 % of the weight, and 
71.4 % of the weight of methanols and 14.3 % of the weight of water were made to be the same 
as that of an example 1 except having mixed with the magnetic stirrer. The solution became 
homogeneity after 1 -minute stirring with the stirrer. The polymer has deposited after [ of the 
bottom of churning ] 2 minutes. It put for 10 hours and deposit termination was carried out. The 
polymer was isolated by centrifugal separation after that. A result is shown in a table 2. 
[0069] Example 5 polyamide 66 (molecular weight 1 1,000) was used as 1.0 % of the weight of 
concentration, and 29.4 % of the weight of m-cresol solutions, and 29.4 % of the weight of water 
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was mixed with 41.2 % of the weight of methanols, and it added, agitating with a stirrer in a 
polyamide solution. The solution after churning became homogeneity for 10 seconds. The 
polymer has deposited after that. It put for 24 hours and the deposit was made to complete. 
Then, the polymer was isolated by centrifugal separation. When observed with the scanning 
electron microscope, it was the comparatively narrow spherical particle of the diameter of a 
number average of 3.70 micrometers, the volume mean diameter of 4.20 micrometers, and 
PDI1.14. RI was specific-surface-area of 12,100m 2/kg and8.8. Degree of crystallinity was 59%. 
[0070] The same polyamide 6 as example of comparison 1 example 1 was used as 30 % of the 
weight of 1 .0 % of the weight [ of concentration ] m-cresol solutions, and 70 % of the weight of 
methanols and water were not added. It agitated with the magnetic stirrer. The polymer has 
deposited promptly. It put for 2 hours and deposit termination was carried out The polymer was 
isolated by centrifugal separation after that. When observed with the scanning electron 
microscope, it had the shape of the shape not of a particle but a film. 

[0071] The same polyamide 6 as example of comparison 2 example 1 was used as 50 % of the 
weight of 1.0 % of the weight [ of concentration ] m-cresol solutions, was used as 50 % of the 
weight of water, and was agitated with the magnetic stirrer. A methanol was not added. Phase 
separation of the solution was carried out, it was not mixed, and the polymer did not deposit. 
[0072] The solution of a polyamide was used as 60.0 % of the weight of m-cresol solutions, and 
the presentation of example of comparison 3 solution was used as 20.0 % of the weight of 
methanols, and 20.0 % of the weight of water. The polymer did not deposit. 

[0073] The presentation of example of comparison 4 solution was used as 22.0 % of the weight of 
m-cresol solutions of the 1 .0 % of the weight polyamide of concentration, and it considered as 
55.6 % of the weight of methanols, and 22.2 % of the weight of water. It agitated for 2 minutes and 
deposited after 20 minutes. It put for 24 hours and deposit termination of the polymer was 
carried out. The polymer was isolated by centrifugal separation after that. When observed with 
the scanning electron microscope, the hard drum-like (shape of dumbbell) particle was presented 
and it was not a perfect spherical particle. 

[0074] The solvent of an example 6 polyamide solution was changed into the formic acid from m- 
cresol, and also the polyamide particle was manufactured like the example 3. A result is shown in 
a table 2. 

[0075] The temperature of an example 7 polyamide solution, the temperature of a non-solvent, 
and the temperature of water were held at 5 degrees C, and also the polyamide particle was 
manufactured like the example 3. The porous, comparatively small spherical particle was 
obtained. A result is shown in a table 2. 

[0076] an example 8 — the period until a uniform solution is formed, and the churning approach 
were changed to the approach by V blender, and also the polyamide particle was manufactured 
like the example 3. The comparatively big porosity spherical particle was obtained. An electron 
microscope photograph is shown in drawing 2 . A result is shown in a table 2. 
[0077] 
[A table 1] 
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[A table 2] <BR> 
[0079] 

[Effect of the Invention] The polyamide porosity spherical particle of this invention has surface 
area larger than the spherical particle of the same particle size, and has a specific average pole 
diameter, particle size distribution, and porosity. Moreover, the internal structure consists of the 
polyamide of high degree of crystallinity, is excellent also in thermal stability, and can be supplied 
as functional particles, such as food stuff industry, such as electronic ingredients, such as 
support of various catalysts, a toner of electrophotography, and a display device, a 
chromatography, and adsorption material, and the medical field. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The number average particle diameter of 1-30 micrometers, the polyamide porosity 
spherical particle which is 1 00-80000m2/kg of BET specific surface areas. 
[Claim 2] The porosity spherical particle according to claim 1 whose average pole diameter is 
0.01-0.2 micrometers. 

[Claim 3] The polyamide porosity spherical particle according to claim 1 to 2 whose porosity 
characteristics are 5-100. 

[Claim 4] The polyamide porosity spherical particle according to claim 1 to 3 whose degree of 
crystallinity measured by DSC is 40% or more. 

[Claim 5] The polyamide porosity spherical particle according to claim 1 to 4 whose ratios of 
volume mean particle diameter to number average particle diameter are 1-1.5. 
[Claim 6] The polyamide porosity spherical particle according to claim 1 to 5 whose number 
average particle diameter is 1-15 micrometers. 

[Claim 7] The polyamide porosity spherical particle according to claim 1 to 5 whose number 
average particle diameter is 15-25 micrometers. 

[Claim 8] The manufacture approach of the polyamide porosity spherical particle characterized 
by depositing a polymer and obtaining a spherical particle after forming a uniform solution 
temporarily by mixing the non-solvent (B) of a polyamide, and water (C) with the solution (A) 
which consists of a polyamide and its solvent. 

[Claim 9] The manufacture approach of a polyamide porosity spherical particle according to claim 

8 that the solvent of the solution (A) of a polyamide is aromatic alcohol. 

[Claim 10] The manufacture approach of a polyamide porosity spherical particle according to 

claim 8 that the solvent of the solution (A) of a polyamide is a formic acid. 

[Claim 11] The manufacture approach of claim 8 which the solution (A) of a polyamide becomes 

from 0.1 - 30 % of the weight of polyamides, and 99.9 - 70 % of the weight of solvents, and the 

polyamide porosity spherical particle nine publications. 

[Claim 12] The manufacture approach of a polyamide porosity spherical particle according to 
claim 8 to 9 that the sum total weight rate of the non-solvent (B) and water (C) of a polyamide 
is characterized by being larger than the weight rate of a polyamide solution (A). 
[Claim 13] The manufacture approach of claims 8, 9, and 1 1 whose rates of water (C) are 2-90 
% of the weight to the sum total of the non-solvent (B) and water (C) of a polyamide, and the 
polyamide porosity spherical particle 12 publications. 

[Claim 14] The manufacture approach of a polyamide porosity spherical particle according to 
claim 8 to 13 that the non-solvent (B) of a polyamide is fatty alcohol of 100 degrees C or less of 
boiling points. 

[Claim 15] The manufacture approach of a polyamide porosity spherical particle according to 
claim 8 that the temperature of a polyamide solution is temperature lower than 10 degrees C. 



[Translation done.] 



JP,2002-080629,A [DETAILED DESCRIPTION] 



1/9 ^-v 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] . .. , 

[Field of the Invention] This invention has specific particle diameter and a specific pole diameter, 
has narrow particle size distribution, and relates to the large, high polyamide porosity sphencal 
particle and its large manufacture approach of degree of crystallinity of specific surface area. 

[Description of the Prior Art] As the manufacture approach of the powder of a polyamide, the 
chemical disintegration and mechanical grinding method and the direct polymerization method 
are learned conventionally. Among those, since the chemical disintegration method did the 
powder of comparatively uniform quality by choosing the solvent and the non-solvent of a 
polyamide, it was considered that this approach is most suitable for the polyamide particle which 

has functionality. . . 

[0003] For example. (Wei-Hsin Hou, Thomas B.Lloyd, J.Applied Polymer Sci., 45 and 1783, 
are deposited from the water of a formic-acid solution to a polyamide non-solvent, and the 
technique about production of the polyamide particle which consists of a narrow particle of 
particle size distribution is indicated. Although it is observed with the polyamide kind there that 
the irregularity of the front face of a particle differs, the structure of the detailed particle beyond 

it is not described. . 
[0004] Moreover, the process of the porosity polyamide suitable for adsorption material, such as 
polyphenol, is indicated by JP.52-43860.A, JP.52-14668.A, and JP.52-1 10765.A. However, in 
there, it is called a porosity particle, and also there is no description of the knowledge beyond it. 
[0005] If engaged in manufacture of a polyamide particle, some manufacture approaches are 
indicated from the solution. For example Nylon 1 1 or the metacresol solution of 12 is sprayed on 
JP 5-70598.A in the state of melting, and the manufacture approach of the polyamide fine 
particles for cosmetics used as fine particles with a particle size of 20 micrometers or less is 

indicated by cooling. , ... 

[0006] moreover, as the manufacture approach of a porosity polymer particle Adding periodic 
fixed turbulence for the polymer solution which may have a cloudy point in JP.1 -278541, A by the 
fixed rate of flow It is made to spout in a gaseous phase from opening in the state of a liquid as 
a drop of uniform magnitude. After electrifying the charge of a same sign and making this drop 
into the temperature below a cloudy point, it is made to invade into the coagulation liquid of this 
drop that has surface tension to the extent that it gets wet automatically in this drop, and the 
approach characterized by making it solidify is indicated. By this approach, although the porosity 
spherical particle could be obtained, the complicated actuation of gushing a drop, or adding an 
oscillation with an electrode too, and making a coagulation solvent invade had to be needed, 
without generating minute polymer waste. 

[0007] Moreover, the manufacture approach that a crystalline polymer makes crystallization 
cause, dries and obtains a porosity polymer minute ball with two sorts of solvents and the non 
solvent with which hydrogen bond characteristics differ is indicated by JP.3-26729.A. However, 
mechanical shearing force was made to act by this approach, or by making ultrasonic dispersion 
force act it includes making a particle detailed and there was no repeatability. Since it depended 
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[Drawing 1] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is an electron microscope photograph replaced with the drawing in which 
the particle shape of the polyamide porosity particle obtained in the example 3 of this invention 
is shown. 

[Drawing 2] Drawing 2 is an electron microscope photograph replaced with the drawing in which 
the particle shape of the polyamide porosity particle obtained in the example 8 of this invention 
is shown. 

[Drawing_3] Drawing 3 is drawing showing the number particle size distribution of the polyamide 
porosity particle obtained in the example 3 of this invention. 

[Drawing 4] Drawing 4 is drawing showing the volume particle size distribution of the polyamide 
porosity particle obtained in the example 3 of this invention. 
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